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1
PNEUMATIC SPRING DEVICE FOR A
MOTOR VEHICLE

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is the U.S, National Stage of International
Application No. PCT/EP2012/003201, filed Jul. 27, 2012,
which designated the United States and has been published as
International Publication No. WO 2013/029725 and which
claims the priority of German Patent Application, Serial No.
102011 112 130.0, filed Sep. 1, 2011, pursuant to 35 U.S.C.
119(¢a)-(d).

BACKGROUND OF THE INVENTION

The invention relates to a pneumatic spring device for a
motor vehicle.

A generic pneumatic spring device includes a generally
known pneumatic spring which includes a rolling piston, a
pneumatic spring cover which is moveable in axial relation to
the rolling piston, and an interposed elastomer bellows con-
figured as a rolling bellows with trapped compressible air
volume. The spring action of such a pneumatic spring is based
on the compression of air in the trapped air volume, with the
air volume decreasing during spring compression as the roll-
ing bellows rolls off. As a result, the air pressure rises in the air
volume, resulting in a spring force in combination with the
effective area of the pneumatic spring.

Such a pneumatic spring is disadvantageous because it
normally exhibits a firm behavior of the spring characteristic
at small amplitudes of greater excitation frequency. This
behavior is also described as harshness. Moreover, rolling
bellows in such pneumatic springs normally involve so-called
transverse bellows, which have a natural torsion leading to a
torsion moment in the pneumatic spring. This torsional
moment has an adverse effect on the axle as additional resis-
tance in opposition to the spring compression. This results in
a reduction in comfort in such air-sprung vehicles.

Further, a spring device of a chassis is known with a com-
bination of a spring element and a position control, wherein a
shock absorber can be omitted (DE 10 2004 010 301 Al).
Particular properties of the afore-described generic pneu-
matic spring device are not indicated here.

SUMMARY OF THE INVENTION

Object of the invention is to further refine a generic pneu-
matic spring device such as to allow realization of an increase
in comfort of air-sprung vehicles.

This object is achieved by connecting at least one addi-
tional spring element in series with the pneumatic spring. In
addition, a radial bearing of the rolling piston and/or the
pneumatic spring cover is integrated as torsion compensation.
Central part of the function of the pneumatic spring device
according to the invention is therefore the superposition of the
pneumatic spring by the series connection with at least one
additional spring element in conjunction with the torsion
compensation. As a result of the series connection of the
spring elements, the overall spring rate is reduced and
opposes a firmness of the spring behavior. Further, the radial
bearing of the rolling piston and/or the pneumatic spring
cover compensates forced movements of the rolling bellows,
in particular torsional movements of transverse bellows.

According to a generally known embodiment of the used
pneumatic spring, the rolling bellows can be connected with
one end by a cover clamp to the pneumatic spring cover. The
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other end of the rolling bellows is connected on the outside by
a piston clamp to the rolling piston end which points to the
pneumatic spring cover. When the spring is compressed, the
rolling bellows thus rolls across the outer side of the rolling
piston so that the trapped air volume is reduced and com-
pressed.

To maintain the afore-described function, many of gener-
ally known embodiments of spring elements can basically be
used as additional spring element for the series connection
with the pneumatic spring. Particularly suitable are helical
springs or elastomer elements.

A spring travel limitation of the spring element can be
simply realized by using the block dimension of the spring
element as spring compression limitation and at least one
axial stop as spring extension limitation.

In a specific exemplary embodiment of a pneumatic spring
device, a cylindrical bearing cup, preferably connected on the
axle side, is provided in which the rolling piston is movable
axially during spring actions. The rolling piston is hereby
held and supported in the bearing cup by a radial bearing
arranged on the inner wall of the bearing cup. Placed between
the bearing cup bottom and rolling piston bottom is the spring
element, preferably as helical spring. The spring extension
limitation is established by arranging on the rolling piston in
the lower region of the rolling piston bottom at least one
radially projecting axial stop, preferably a circumferential
stop collar, which impacts upon the radial bearing for spring
extension limitation.

According to an alternative embodiment, the function of
the series-connected additional spring element and the func-
tion of the radial bearing as torsion compensation can be
combined in an elastomer component which is both axially
deformable and twistable for a torsion compensation in accor-
dance with the movement of the rolling piston. The elastomer
component is dimensioned such that the torsional spring con-
stant is small enough to enable a torsion compensation with-
out great rebound force, especially when a transverse bellows
is involved.

BRIEF DESCRIPTION OF THE DRAWING

An embodiment of a pneumatic spring device will be
described in greater detail with reference to a drawing.

The sole FIGURE shows a pneumatic spring device 1
including a pneumatic spring 2 with a spring element as
helical spring 3 additionally connected in series.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The pneumatic spring 2 includes a rolling piston 4, a pneu-
matic spring cover 5 movable in axial relation thereto, and an
interposed rolling bellows 6 with a trapped compressible air
volume 7. The pneumatic spring cover 5 is connected here to
a (schematically shown) body structure 8.

The rolling bellows 6 is configured as transverse bellows,
and has an upper end connected by a cover clamp 9 to the
pneumatic spring cover 5 about its circumference. The lower
end of the rolling bellows 6 is connected accordingly to the
upper rolling piston end by a piston clamp 10.

The lower region of the rolling piston 4 is received in a
cylindrical bearing cup 11 for axial movement and axially
supported by the helical spring 3 between the bearing cup
bottom 12 and the rolling piston bottom 13. In addition, the
rolling piston 4 is radially held and supported by a radial
bearing 14 arranged on the inner wall of the bearing cup. The
radial bearing 14 is constructed as a sliding bearing so that the
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rolling piston 4 is able to move into the bearing cup 11 and is
rotatable in the radial bearing 14 about a bearing axis 15 for a
torsion compensation of the rolling bellows 6, configured as
transverse bellows, when the helical spring 3 is compressed
and the spring length is shortened. The bearing cup 11 is
connected here to a (schematically indicated) axle 16 of a
chassis.

A limitation of the spring compression of the rolling piston
4 in the bearing cup 11 is established by the block dimension
of'the helical spring 4. A spring extension of the rolling piston
4 in the bearing cup 11 is limited by arranging a radially
projecting axial stop 17 at the lower end of the rolling piston
4 in the manner of a circumferential stop collar, which
impacts the radial bearing 14 from below in order to limit the
spring extension.

The invention claimed is:

1. A pneumatic spring device for a motor vehicle, compris-

ing:

apneumatic spring including a rolling piston, a pneumatic
spring cover axially movable in relation to the rolling
piston, and an elastomer bellows arranged between the
rolling piston and the pneumatic spring cover and form-
ing a rolling bellows configured to have a trapped com-
pressible air volume, said rolling bellows being config-
ured as transverse bellows;

a cover clamp connecting one end of the rolling bellows to
the pneumatic spring cover;

a piston clamp connecting another end of the rolling bel-
lows to an end of the rolling piston in facing relationship
to the pneumatic spring cover;

at least one additional spring element connected in series to
the pneumatic spring; and

aradial bearing arranged so that the rolling piston is axially
movable and rotatable about a bearing axis in the radial
bearing and configured to support the rolling piston dur-

10

15

20

25

30

4

ing its axial movement and its rotation about the bearing
axis in the radial bearing and to provide a torsion com-
pensation of the traverse rolling bellows when the addi-
tional spring element is compressed and its length is
shortened.

2. The pneumatic spring device of claim 1, wherein the
additional spring element is a helical spring or an elastomer
element.

3. The pneumatic spring device of claim 1, wherein a block
dimension of the additional spring element is provided as a
spring compression limitation, and at least one axial stop is
provided as a spring extension limitation.

4. The pneumatic spring device of claim 1, further com-
prising a cylindrical bearing cup in which the rolling piston is
movable axially during a spring action and held by the radial
bearing, said radial bearing being arranged on an inner wall of
the bearing cup so that the rolling piston moves axially in the
radial bearing, said spring element being placed between a
bottom of the bearing cup and a bottom of the rolling piston.

5. The pneumatic spring device of claim 4, wherein the
bearing cup is configured for connection to an axle of a
chassis of the motor vehicle.

6. The pneumatic spring of claim 4, wherein the radial
bearing is a sliding bearing.

7. The pneumatic spring device of claim 1, wherein the
rolling piston has at least one radially projecting axial stop to
impact the radial bearing for limiting the spring extension.

8. The pneumatic spring device of claim 7, wherein the
axial stop is configured as a circumferential stop collar.

9. The pneumatic spring device of claim 1, wherein a
function of the additional spring element and a function of the
radial bearing are combined in an elastomeric component
which is both axially deformable and also twistable in accor-
dance with a movement of the rolling piston.
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